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Applicant's or agent's file reference 
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IMPORTANT NOTICE 


International application No. 
PCT/JPOl/03952 


International filing date (day/month/year) 

11 May 2001 (11.05.01) 


Priority date (day/month/year) 

22 May 2000 (22.05.00) 


Applicant 

MITSUBISHI DENKI KABUSHIKt KAISHA et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this notice: 

KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
CA,CN,EPJL 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1(a-bis)). 

3. Enclosed with this notice is a copy of the international application as published by the International Bureau on 
29 November 2001 (29.11.01) under No. WO 01/91307 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility.to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter M has the 

right to file a demand for international preliminary examination (at present, all PCT Contracting States are bound by Chapter II). 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed^tor* entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and th^-PCT Applicant's Guide, Volume II. 



The International Bureau of WlPO 


Authorized officer 




34, chemin des Colombettes 


J. Zahra 


1211 Geneva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.91.11 



Form PCT/IB/308 (April 2001 ) 4477384 



THIS PAQE BUNK (uspto) 



^ n w> ti ^ m 



EP • US PCT 

[PCT 1 8^, PCT^IIJ43, 44) 




PCT/J P 0 I/O 3 9 5 2 

mm A (Sc^xit^^) 



4. mM<D^^i'i 



6. Si!««}*i:<ttt-<i:J«$tL^EH±, 

<«SCPCT/I SA/2 1 0 (^l'<— (1 9 9 8^^7^) 



THIS PAGE BUNK(uspTO) 



T/JPO 1/03952 




Int C I ' HO 3M1 3/2 3. 1 3/2 7. 1 3/2 9, 1 3/4 b 



B. gl ^»^ofc^g 

^^^tTo/cS/hPg^^ (Hl^^tfF^^^ (IPC) ) 
Int CI' HO 3M1 3/0 0 



;0 7-=f u— * 



X 



PHILIPS NORDEN AB) 



P, X 



WO, 96/24196, A (PHILIPS ELECTRONICS N. V. 
8 8^ 1 9 9 6 (08.08.96)||3ffia 
&W0 96/24098. A &EP. 754320. A &EP, 760182, A &JP, 9-511377, A 
&jp; 9-511606, A &US, 5737252. A &US. 5799033. A 

EP. 1045521, A2 (Nortel Networks ^i-jited) 1 8^ 1 0 ^ . 2 0 0 
(18 10 00) "Summary of .the Invention (^ [0005 J LUU14jfe^; 
&CA. 2268853. A &CN, 1272733, A &JP, 2001-57521, A 



1-10 



1-10 



19. 0 6. 0 1 



0*ll<l#l^iT ( I S A/ J P) 
_ 100-8915 
^^fiJ^f^fflE^Ti^MHTi 4#3-^ 



5 K 8 7 3 0 



03-3581-1101 F^^ 3 5 5 5 



^^^PCT/I SA/2 10 (^2-i-v^) (1 9 9 8^7^) 



THIS PAGE BUNK (uspto) 




/J PO 1/0 3 9 5 2 



\ C _ 



&US, 5299208. A 

^S[roir3Sr^U,2000iT603,. .C, 229S919, . 
&CN, 1274202. A 

I WO. 99/122j5. A^^y ^ ^ 99) ^ 1 0 7^;S 1 2 

1 &US, 6233711. A 

,0 99/26069.A(«.?.-r.»«S^«*^*) 2 0.5^.1999 
Sr9l2KtS. 1246991, A m, 2000070038, A 



1-10 



1-10 




m 



THIS FMkE BLANK (uspto) 



(19) n^^mm^mt&fs 
(43) mjSi<iitmB 

2001 ^11 ^29 B (29.11.2001) 




PCX 



Hi 

(10) ms 
WO 01/91307 



Al 



(51) SIR^8f»fi': H03M 13/23. 13/27, 13/29. 13/45 

(21) aii^ttiEiS^: PCT/JPOl/03952 

(22) SfStbPB : 2001 ^5 1 1 B (11.05.2001) 

(25) BRS(aiSa>S@: B:^m 

(26) Sie(^ffi<OSS: 

(30) Sife^tT— 51: 

4#IB2000-150535 2000 *5 22 B (22.05.2000) JP 

(71) aiilA ('i|4@^K< ±Tfl>^tS@IZOL^r;: = 
SS%tS^3£^tt (MITSUBISHI DENKI KABUSHIKI 
KAISHA) [JP/JP]; T 100-8310 jRlftfiJ^ftSB^O)!^ 
— T S 2S3^ Tol^o (JP). 



(72) «IB#;fcJ;t; 

(75) l|BJ#/{±J)SA('*:H(-'3t'»-C<D^;: «i* M,(MST. 
SUMOTO, Wataru) [JP/JP]; =r 100-8310 SSS^ftffl 
SAa}|^-Ti2S3^ =ll«8l«|i^^ttl^ Tokyo 
(JP). 

(74) nmX: jl#ffilB(SAKAl,Hiroaki); t 100-0013 MM 

a5TttfflEii^ii=Ta2»6#mm«3i» If ju-x-f 

>^^Tolg'o(JP). 

(81) IS&m (SPi): CA, CN. IL, KR, US. 

(84) mmmOHm): a — P^//<«ffF(Ar,BE,CH,CY.DE. 
DK. ES. FI, FR, GB. GR, IE, IT, LU, MC, ML, PT, SE, TR). 



(54) Title: COMMUNICATION APPARATUS AND COMMUNICATION METHOD , 



o 



(a) 



(b) 




Ley 



cl3 



AS 



«1 O 



R/S 



R/S 



I . . . TURBO EMCODEIR 
22... THIRD DECIDIKG UNIT 

II. .. FIRST DECODING UNIT 
13. . . INTERLEAVER 

14 . . . INTERLEAVER 

18... FIRST JUDGING UNIT 



1&... FIRST R/S DECODER 
15... SECOND DECODING UNIT 
17... DEINTERLEAVER 
20... SECOND JUDGING UNIT 
21... SECOND R/S DECODER 



(57) Abstract: A turbo encoder (1) in a communication 
apparatus includes interleavers (32,33) that store an 
information bit sequence of 289 bits in an input buffer of 
17 (abscissa M; prime numbers) x 17 (ordinate N; natural 
numbers), generate 16 sorts of random sequences by 
one-bit shifting, row by row, a specific random sequence 
of 16 bits produced by use of prime numbers, map an 
information bit sequence of an interleave length (289 bits) 
into a mapping pattern of 17 (M) x 17 (N) produced from 
the 16 sorts of random sequences, and read, column by 
column, the mapped information bit sequence. 



wo 01/91307 Al iniAlliliiliilliliiillUii 



(57) 5lti): 

jifg^Sl^<^^?-7i<i^-§-5i (1) tt. 17 (mmA : ^Igc) X 1 7 (IKttlN : 
Uy5ll7 (M) XI 7 (N) <D'^'y\:f>-Vy<^ — l^\::'^>^V—y& (2 8 9 If 

m^m^mir^>'?v-^< 02. 33) ^#;ts«i^i:-rso 



wo 01/91307 



PCT/JPOl/03952 



m m 

5 ^m^m 

DMT (Discrete Multi Tone) ^^P:tr^-^0 F DM (Orthogonal Freq 
uency Division Multiplex) |g^f^:J^^^lCl J: O , |!E#(Oii^t!HIj8lS:fflV^^7'— 

10 DMT^^p;^^{cj:t)-7"-iJ'iifS^^f piift^mtcpfifj-r, 

15 1JJIT> =S65tE<^jiftiiStil^V>TUi?g-r-5„ tLtx.fi. SS (Spread Spectrum 
) :^^4rfflV^/cJ!S^i^CDMA (W- C DMA : Code Division Multiple Acces 

Afe^r^-rHlT'fcSo Hi 4111 (a) ^C*5V^T. 1 0 1 filf^lf h^^iJ^Sii^ 



wo 01/91307 PCT/JPOl/03952 

2 

2 fi'f >^ V —y<X'h 9 . 1 0 3li^>'^V — 1 0 2 J: 9 Att#x.^o1t# 

-^•^fc^-cfo So m 1 4 El ( b ) fi. m (Dwm^m^i^Aji.^n'^ii:^ 1 0 1 *3 j: 
xj^m 2 10 3 (Dp^umf^^^-rmx-^ <o . 2 00s 

m 1 <^Sif fi^j^i^SiZi^^-^'ft:^ 101 <^^S{::«t 19 If >y h^^O : x , ^^g^ 

mi 5^a^vl*3v^T. 1 1 i^^ftft-^: y^t^mis^-. y2t7!)^hMm:tmit^ 

3Stm-r5lll<^«-^-efc9. l l 2*5J:U«1 l 6W:iP3S£^'efc«9. 1 1 3*5J: 
U^l 1 4«^>'i5^yw<C-Cfc'9. 1 1 Sn^mm^-: y.t^mim'^: y,t7:)^ib 

M^^mtii^^m-r^m 2 (om^^xh t) . 1 1 7 ftx^r y —y<x'h . 1 

It: L (xu,') %:Mm-r^ (kttB#^J^^-r) o rrX'fi. 1f^lf>>h : x^ 
7!>>0X$>^mmiZ.M-r:S>mn\^y h x,k;6SlX-*)'5Si^^^«>'5C^i:jfc6. 
/^4b\ m^cOLe (xj «^$Plt^^^b. La (xj 1 OHU<^^^a5i*^ 



wo 01/91307 PCT/lPOl/03952 

3 

o#*{c; >C^^y w^l 1 3iSXXfl 14-C{i. ^{lit-^: yi^t^gBlf^: 

^<^^> ^2(7)^-^1 1 5-C{i. mKOm^mi 1 1 <bl^1^{^, Sftm^ : y 
^t^mm-^: y,. *3J:Of5fetcS[ffiL-C*3l/^fc^§Pit^: Le (xj ic^-^l/^ 
^J-lgtfc^jt : L (x,,') ^^m-r^o ^L-C. ;bD^l 1 6T'tt. i^lfCit 
^: Le (xj ^MiH^^o w<D,bt, -r^r y — 1 1 7(cril£^#^f> 
ttfc^gUitm, *B(f1*^: La (xj <b LTSlliam 1 (^^"^ 1 1 ^ 

m\:i\^^^t. mcztmitTi^ "t (x,,') >o'' T-*>tLff. m^mm 

t-:/ h : Xi,'^li:^J^b. "L (x,,') ^ 0 " -e*)^^. Ji^if ^If 3/ h 

nieia. mi7ia, *3J;t/i^l 8iafi, ±fs^— xj^^-^-cfflv^^ti 

::/^yw< (i^i^, PiL<!:iq^^) ^sfflv^e)tbrv^5o rop i Ltt, OT<^3 



wo 01/91307 PCT/JPOl/03952 

4 

-f'^^V—y^ : L,^=5 1 2 b i t. N=l 0, M=P = 5 3 (L^^^N^ 
P + 1 ) . mi^Wi : go= 2 t Lfc^. 5^ fi^^y^iJ'— :^ : c ( i ) tt. T 
ISO (1) ^Oj;5{-f^^$n-5o 

c (i) = (goXc (i-1) ) modP — (l) 

titiV. i=l. 2, (P-2) tb. c (0) =l<l:-rSo 

Lfc:65oT. -^^/f^i/yN-iJr-^/c (i) fl. {1. 2, 4. 8. 16, 3 2, 
1 1. 22, 44. 35. 1 7, 34. 1 5, 30, 7, 1 4, 2 8, 3, 6, 

1 2, 24, 48, 4 3, 3 3, 1 3, 2 6. 52, 5 1. 4 9. 4 5, 3 7. 

2 1, 4 2, 3 1, 9, 1 8, 3 6, 1 9. 3 8. 2 3, 4 6, 3 9, 2 5, 5 
0. 4 7, 4 1, 2 9, 5, 1 0, 20, 40, 2 7} tti:^o 

*fc. P I L{i*DV>T«. ±^'^y\^>^^y<'^ — lyC ( i ) mitl.m^y< 

l^'^^^-^"^-^ : C, (i) ^^i-So *-r. Cl^T'tt. {pp^o,} ^^tSfc* 
t-. {Qj (j=0-'N-l) } <S:OTO^ (2) , (3) , (4) (D^kW-X?^ 

qo=i (2) 

g. c. d {qj, p-1} =1 (fcfcu g. c. di^mzf^-'jkmm) 

- (3) 

qj>6. qj>q^, (tztcL. j=l~N-l) — (4) 

Lfc7)5o-C. {qj} fi. { 1. 7, 1 1, 1 3, 1 7, 1 9, 2 3, 2 9, 
3 1, 3 7} t^j:<0. {p„po,} tt. {3 7, 3 1, 2 9, 2 3, 1 9, 1 7," 



wo 01/91307 



PCT/JP01/039S2 



5 

13, 11, 7. 1} {ittiV. PIP=N-1~0) ^ir^fc-So 

-cfc^o mit-x— ^ {o~5 2} 2tt@{cx— i?' {5 3~i 

0 5} SfrilJlT'— tJ' {106~158} Sr, 4nmiCy^—'$' {15 9 — 2 

11}^. 5ffa{-7^— {2 1 2 — 2 6 4} enm^y—i^ { 2 6 5~3 

10 1 7} 7^f SJdT^— iS' {318~370} 8^tB{-x— {3 7 1—4 

2 3} 9tTB{-7^— tJ' {4 2 4 — 4 7 6} 1 Ofrg JCt*— :^ {4 7 7 — 

5 2 9} ^ttm-^ t':^t/t-So 

•f^ iittX-tt. L,^=2 57 — 8192b i t) (C*5V>-C. ^^fj^M^I^^ 



wo 01/91307 PCT/JPOl/03952 

6 

x,= - O 0100100000 ■• 
X2= ••0 OOlOlOOOOO- 
X3= - 0 0 0 1 O 1 0 1 0 O O--- 

^(OML^by^^^^m^i-i, w„,„=7 .fc/jlSc titiX^. x^it. ^:^=i—i^<DAt! 

<D'i-^X(D7'—'$' (0 0 0 0~1111 : 4 Ifs/ hs^^;^^^— >') 

2 5 6 QAM-e*>tl/f^ 8 f^/ h (D-f-^X <D^— ^ VX . flj^^ffp ^ i: 

mi 4111 (b) tc^-rt*5l5(D^J'— 7f^^^-^:g§Tffi^^p,ttTv^5^>'=»-^ ( 



wo 01/91307 



PCT/JPOl/03952 



5 ^brv^So 

10 —ymm^(Dm^m^ h ^m^mj^^n-^it vxm 2 ©^csx-iS' s^m;^-r 
H(FsEi5'-7j<^-i^^tt. Fm («|$ai:^it) =2"+lJ X Tn (i^tt : g^^lS) 
= 2-+lJ OA;^^<5/7rP^{CHfr|5W^f';/ h^3?lJ^t&^L (mfiMiO . BU 
lsmfciSrffiv^-C:^$ttfc#^0 (M-1) Ifi/ htD^^-yiN^^a^iJSrff^^lci 

20 ttJU. MS5m2<DS'j*6^#flig^M:ji;^^^-§-^l^{C^UTffi;^i-S-r>'^ ^ 

25 ^€<o^mct>ib>^m{nmm^^^^x. m^-^i^'^v—yM^. stiis (m-d 

MM(0=7:^yM.^^\\t\^x. (M-1) X (N-1) (D^^yyrP^X'77':^p^i7 



wo 01/91307 



PCT/JPOl/03952 



8 

-D€<omMicf}^t)>^mmmm.i^^\^^x. wm^^^^ v—y<i'X. wmmwa (m- 

h^?iJ<^3lfe-<#x.SrfTV\ fcir^tf, Tm (^tlft : mi^) =2-+lj x Tn ( 

mmi: =2-+ij (Dxti^^^y'7rP^\z.mmmm.\^y h^n^^m-r^ 

■rs;ii:-e. mxn<z)-^5' t'^'^/^-^^J^— >'^^^i-5-^5'i^:^i5^^'?^— ^^^^ig^ 

(;i*)oT«. Huie (M-1) aii<D7^^yA^3?iJ<i: bX. (M-1) X (N- 1 



wo 01/91307 




PCT/JPOl/03952 



9 

idfeoTtt. mmwc. (M-i) mm<D7>^'$^j>^mmK:isi-f^-r-<x(Dn(oi^m 

(Dm^=s:^i-mxh^. ineia^. msm (b) (Dnm&^mmsij2^^n-^i\:^t 
m—(oii^^^m^-r?>nm&^mms:iz,^-^^tm(D—m^^irmx'h mvm 

X xmM(D ^ —if^m^^m v ^xm%^— ^ ^m-^ u tzm^(D ber m^^Tri-t 

%^<r)^—:^^m^r^Xm\^^hf\^:^^l^'^^)—y<(D^m^7^-tmXh^. Ml 912 



wo 01/91307 



PCT/JPOl/03952 



10 

^■h(Dn-^mtzii-t:m^^mmm^m^'r^:zttvxi^x\,^i.. 
tz:ifi:m^^^mm^m:^-r:5:itti.xi,x\^\ 

(a) 0^^-^:g§{c:*3V^T. l«P9frjE!^-^t bT^->J<i^-^S: 
— (b) <^«-^^^c:*5l^T. 1 Itt^^Sm-^: Ley 

ft-^:y2, y., y.»-tBS) t^hnWdtmy^^nm-T^^KDU^^x^^ . i 



wo 01/91307 PCT/JPOl/03952 

11 

i-Sm 2 O^-^Sg-Cfc 9.17 i^y'-C^^ V 9 . 1 8 tt^ 1 O^-^ 1 

mi(DRXSy^=i—yX'$>^. 2 0 «m 2 1 5 (Dmt}^^l^\^X7U<Dm 

■C'fe«9. 2 2ttLcy (^3ai<^>S<t{t-^ : y„ y^-t-ffiS) t:^^lM\^X7C<D 

mm^^^y h^m(Dm^m^mti-r^m3<D^m^X':h^c 

10 ^ficoS/|s:SjflF^EI®(cS-:3V^-C®^{CtftP^i-S„ /c^^li. DMT (Discrete 
Multi Tone) ^mP;^^SrlBV^-C. 7^— ^iift^ff 9 W/^mT^-f i^iJ'/^iift^ 

^fr^ADSL (Asymmetric Digital Subscriber Line) Mim^'^y :ioj;tJ^HD 
SL (high-bit-rate Digital Subscriber Line) Mit:^J^^<Dx.D S LMit:^ 

15 ^ib^h^o JJc*?. r<^:;fy^«, ansioti. 4 i smzm^xmmit^nx 

20 MUX/SYNC CONTROL IC+S^) 4 1 iCX^MitV. ^Mit^tltcxtinf'—^' K 

M UTf->r ^ y y ^ y y >'^>'>'W 5/ ^ (C R C : Cycllc redundancy chec 
kJC^H^) 42. 4 3tc:TSat)^^m^=— KSr#^PU ^PstC. 7;j-!7-K^7 
— nU^v^H^- (SCRAM&FECtC^g^) 44. 4 5 {CTF E Cffi=x— K<^#;!JD*3J; 

25 J5j;*5. ^/u5^:7'i^5/^;^/'i^>'^3:^ hn— /U4 iTi^b. i^;^-— y y 

4 9{CM5^-C{C{i2-OOMS&:6Sfo«9. — ofi^ y — (INTERLEAVE) 4 6 
y —7' Kt^— yZ7r (Interleaved Data Buffer) 



wo 01/91307 



PCT/JPOl/03952 



12 

h0—:^i^'<:^^V-y^-^^f£\,'^:77^:;f.hv'-'$'y<^yZ7T (Fast Dat 
a Buffer) m^Th 9 . CI w X'n. ^^i^^V —Zf^M^n O-i^^-^V —Zf Y^— 

^(O^, i^Ix— U—h 3 ^ (RATE-CONVERTOR (dtS^) 4 7, 
4 8 tCT V h 3 i^y^- h^a-S^r^f V h — y y >'j/ (TONE ORDERING 

(CONSTELUTIQN AND GAIN SCALLING {CtB^) 5 0 tCT=» ^-^^tJ' I/— ^3 

: Inverse Fast Fourier transfo 

Mc^K, ^ l^Zfy h'^<yUJV/'->])TJ\^y<yy7 (INPUT PARALLEL/SERIAL BU 
FFERtC^fi^) ^2\:lXy—])zc^mk(Dy<^U;\^—^^Zy^)TJV7'—^\Z.^ 

T-i-^^Z^x:i'^y^^l^^/y'>(i;>^jl.-Ti-vi^zi:yy<^^ (ANALOG PRO 
CESSING AND DAC {C+BS) S 3KX^ i^^ J^m^^T-Tn ^^mz.m^\^. 7 

>yi^l^^/T'i-n^-y'^-J^/V:=i>^<^^ (11:^0 ANALW PRXESSING AND A 
^\-m^iZ.m^]^. i5'^i.Kp<'YW = ^^if (TEQ(C^B^) 14 2{CT^P^tB^ 

WW^>;/:7 7' (INPUT SERIAL / PARALLEL BUFFER {C+g^) 1 4 3 {CTi^ 

Z7— V =c.^^^ (FFT : Fast Fourier transform td+g^) 14 4 i:iXMj^Z^— V 
^^m^=ffV\ ^<D^. j^Stl^hV'T W=»^-<-f (FEQfC^i^) 14 5{CTJ1 
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1^— >g >'7^=i— ^5^/>>'^>;^'Jr— y (CONSTELLATION DECODER AND GAIN S 
CALLING Id^^) 1 4 6 *5 J;tJ? h'->'^—'$^V (TONE ORDERING }^1=g^) 1 

5 ->yT/l^— :^'{;i^^$:h/So ^O^. ix— h=i>'y^— ^ (RATE-CONVERTOR (J: 
^1^) 1 4 8, 1 4 9{CJ;^ U— h=i>'/<— h^O-H. v^-O^^V—^ (DEINTERL 
EAVElc+B^) 1 5 OizX^y'-O'^ V—ymk. :7;j- !7— K^^— = i^ii' 
> (DESCRAM&FEC tCtB^) 151, 152tc:J;SF E 0*0.3*5 J; TJ't':?^ 7 
/W^aa. *5 J;U^■i^'< ^J^y^/^y^^^tJ^i^iXw^^^yi^ (cyclic redundancy chec 

10 ktcffi^) 15 3, 1 5 4kcx^m^KMiik^^(DiiQtmT!)mit:>ti. Mcmmc-^/i- 

'f'Zf\^y^:^X->:^^='>' h n—yV' (MUX/SYNC CONTROL iCffi^) 15 5 ib>^^im 
/j:*3. ±15(^)0; 9 {cfll^^nSiift^atddsv^Tfi. Hi EI (a) tc^-T^-^ 

5 ot;i'ia[g#tte>tt. Him (b) iCT^-rm^mK ±td.^mm^isn?>=^>':^ 

SrlllSn»cb/c^SoTs^iB{c:tft^t-So *-fx Hi® (a) fc^-T^^^coSif^tc: 
/^*3, ^|lliS<7)?|^S-efi. ^mE^^^ilS^li (QAM: Quadra 
ture Amplitude Modulation) t\^X. tct^\t. 1 6 Q AM:fe-^i&$gffli-5, 

b-Ct5^-«-^<b^lltf-r'5«e5fefi^^<tM''j:9. Him (a) \z.7f^'rXo\^. T 
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ia-i. ^4m (a) dS4*BPSK (Phase Shift Keying) ;^^<^ft#^ES-e& 
0 > ( b ) }iS 1 6 Q AM;^C^ft#/^iHg-CS> t) . ( c ) ;6S 6 4 QAM:ff^(Dm 

(1P4I1I (a) (b) (c) \Z.il^m K^Xi^Xh. ^^s^a-^J^{C:^^>ifi^^4,^<0 
T{42t'5/h*5. (0. O) (0, 1) (1, o) (1. 1) Xth^Z.iit^i:>t^ 

:Ltncj:v). :^mm<Dmmiz.$5\,^xi^^ ^mtici^ox^it'r^'^m^<D$>^ 

Yk^^jia-r^. Bim (a) i^^-r^-yt^n^-mi<oW}m^-^\^^xm.m'r^o tz 
t:tit. m^mit. ^-^^n^i(Dm^^^-rmx:^v). mmKu. msm ( 
a) t>^-:^m^-^i<Dytiy^mm^^-rmx^^. msm (b) nmmms. 
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10 5:^-^<b l.fcK^T'- ^ : n,t. m2 (^™6<j|ai^«ii^^f #^bS§ 3 4 (D^QM 

^fe. 05111 (b) tC^i-S!l§fi*JffiMaii^?f-^^b§§lC*5V>T. 6 1, 6 2, 
6 3, 6 4 Iial5i|§'e*) t) , 6 5. 6 6, 6 7, 6 8, 6 9 liJ!jp^-efc5o ^1 

20 {§7^-^ : (^fcfiT^-^ : u J <i:3ij^S§6 2(Dmtl tt:mnmt}Vs 4^ 

— ^ : uj (^^fettT^—^ : uu) i!3ij^S§6 3 hV^^'iJ' $ttfc7C 

St^— : i^tcnKMy'-'^' : u^) <!: ^AD^ffi;^ :&*l-^<DiD^^ 6 9 
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5AP^#6 5. 6 7, 6 8, 6 9 {CA:^f S CI <!: T% illfBT^— : u, (D^^J t 

Atit^. mi (Dwmmms:j2<^n-^i\:^ 3itm2 (Dwm&^mms:j^<^n-^ 

B6miz.7ik-i-mmmm&^^n-^it^i^m^x. 71. 72. 73, 74 
mm^x$><o. 75. 7 6. 77. 7 amummxh^o 

: u,.) tmm^7 2<Dmtit^mwmt!\^. 3m^<Dmn^7 tt^k xtj^n 
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^^i^ jb^ f h (cov >T«, Sit 7"— 3 <z)*ij;^5& 2 2 -x^mm^ 

Vs. y2. Yu Ya. Ybf*. ^tt^*ntfj|Si^ff<RlJ<^tt};^ : U4, U3, U2, Ui, u,, 

^•f. Smit-^L c y : Yj. y„ y.. y^ SrSlt5lofe^-;!K^-^-ett. 

Sfili-tLcy : y^, y^, y3^ttfflU wne>tDS<tm 

^fcb. miia (b) ^^*5V^-C. Le (u,) iSif^^mn^^l^. La (Uk) 

irLTtt. fc<b^«. UE^(0^:*C*miSfe^«-§-S§ (MAPT/Wary XA : Maximu . 
m A-Posteriori) dSffiV > ^ttS w <i: i: ;^5#V^75^ i: |J^<7) bf^#5§ 

Tfi, *BfJ^f^7)5^^^>^fLTV^;'^^^fc^6. La (u^) =0T'&-5„ 

i; — 1 3 1 4 -cli, smm-^L c y t^^mn l e 
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^O^. mm&l 6Vtt. *0^^1 2^:|^^t;i. n-^mm: Le (uj 
^UT. -LISjS'— ±ia^SSr. m^coiaj^ (-f 7^ > a 

XL(^. ^f^m^s «L (Uk') >0'' -C-fettf^f. «l^ff^tr5/h : u.'^l 

-So ^.e*5, l^^td^^f-f 6^ft{t-^L c y : y,, y^— {COV^Tfi. M3<?32|5|J^ 
^2 2 ^ffiV^T^i|5|J^$tbS„ 

y-Kyn^^-^-^Sr^VN-C. #5i^j;£^{::Ttif|E«l^$tv^t> <i:<DJ^^t7^- 
Pg-C^-7K^9:#^{Cj:5_bl2M?)igL^SSrll-T$-a:. ^LT. y— Fya^>' 
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S^>BER#tt(;i^^Sr#;t^o ^rT\ r^tftt, ^n^(Dm^\m(OnW: 

ai^-:7 o T^^<DB E R#'l4;65ig:v^. ^ 1 miC7r:-r^-:^<n-^(D^m(D:^7iK 
^) tc, fcirxLf^. msBl (b) *5J:t5||6IlI(c^i-J: 9/^, iil^tT'— ^5'cov^T 
tS„ 
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10 XwAj^t"— tJ'^^?'] : u 2 y fVi/Ufc^c^^T^— ^iB3^JS:^-rillT*fc'5„ 
iJ' y— ^^J^^O«AKtco^^Tfi. MiEi:l^«|-e&5fc«J. l^-<D^?-^Sr#LT^. 
® 1 7 (M : «|#) X 1 7 (N : <DA:tj^<yZ7T (2 8 9 If h:»-) ^{C 

-TonHic (&) i^^' hv. 1 6mm<D^iyyM.^m^±0Z'r^o -^euT. -r^r 

20 (^^V^A^^IJOl 7 tr-^ hglCO^-^i/t'i^r/L. 1 7fT@<^>'^5' 

— ^^irinBtm—tX^s 17 (M) XI 7 (N) <D-^yli'>^y<^—:y^^^ 

-r^ (mil m^my o 

@±tEc^i: pd^Afe^ttfc 1 7 (M) XI 7 (N) (7)^5/ t^V^x-?^ — ^ 

>^v-zf^(Dmm\^^y h^^jsr-^^yt'v^^-rs (^i 2111. mi smmm.) „ 
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0. 0, 0, 0. 0. 0. 1 (let'-yhg) . - mf^otum-r^) } . It 

7 7'<^^lft^5M^ 2°+ l-e, ;6^off (M) <!r^ij (N) d^i: t>(c:^>i5^i^y>;^5' — 
+ 1 mWcXfj:<Xh^\,^) J ibyho Lit;6SoT. ^50 (b) {i^fJiP^A 
N^17 i:^mM<r>mmxnM= 1 7 , N=17) ttj:^o 
7 (M) X 1 7 (N) (DKtSy<yyT (2 8 9 t'y h^) f^{cjf fgt'.;/ h^^lj^ 
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5 : u 1 <>: mm fc'y hif^m: u2k <DmmT!)^ 1 fT~ 1 ent fj:^m^<D-r^x(Dm 

10 S : L,^=2 8 9 h, N= 1 7, M=P= 1 7. M^&tB : go= 3 7 

■?:CO^m. ^^^^J^-t*/^^— >'Cfi, {1. 3, 9, 10, 13, 5, 15, 11, 
16, 14, 8, 7. 4, 12. 2. 6, } tt^^o 
^UT. |gl lEltc::^-rj;9(c:, ^^'^Ax-?^— v^tT^-jitc: i tf -/ h-fo/ilg 

i^p^^a^T^^^—i^ (16X16) ^w^^-r^z.tx^ 'r^x(r>ntnt^v^^'^ 

J^^n ttii^o =t UT. 1 6 Sl^<07 JIJO 1 7 fcf y h @ O Sr^ y b'^' 

^■rs;i<kt?. 17 (M) X 1 6(D-^s/t:'>i5^^^^ — i^^^L. $P>{i. 17 

nm(D-^iy^'>'i!fy<i^—^^^inntm—t-t^:itx\ i? (m) xi7 (n 
xmm.x^^o 

o#*tC. -r:/^ y— /^3 2:io<tt/3 ST'fl. ±fa(^ J: 9 bfc 1 7 (M) 

XI 7 (N) <D^y}^^^:!ry<^ — >{Z.^ ^l^^V—ZfM (2|s:||life<D?^^T-fi2 8 

3EI{C:^-rJ: 17 (M) XI 7 (N) (7)-^ 5/ — ^-^^Vn-C, ft 
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^(D (M- 1) If 5/ h(D^iy^M.W:m^n^mci \f^y f>-ro>>7 h-r-Sw^T- 

(M-l) «^(^^Vi?^A^a?iJSrife^L. (M-1) ^^(D'7l^^J>.^nii^ 

>ic*5, :^MM(DmMicis\,^Xi^. 1 7 (M) x i 7 (N) <?i)-^5/if :^^/y■?^— 
RBe>-r, N« rN^2»H-lj X^^tcib. tct^it. N=18, 19. 2 0. 

:;^;S07i^^->'if y7"^<S:f^j;$-fr^- fc,i:;t(^. rM^2- 
+ l^-omgcj ^tiSf S$5ffl-eMt:^M-rS (fct;t(^, 1 9, 2 3. 2 9- 

B * 1 7 (#tTlc:*j-^&-r51f#if 5/ h^K^iJoi^/isl-t'-^ h) <!: 2 if y hBKl^ 
-t?l 6x1 e<D9'Tly:^i^=i^Ty<^->'^mf^-r^:LttVXi,^l\ -^icx 
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2-+1J (DAtl^^^y^Tf^i^mm^^y h^m^l^V. ^l^%fflv>T^^$tb 
5 ti!^^(D (M- 1 ) hco^^-yA^^JSr^rWaic 1 If 5/ h-ro'>7 h-rs 

tT' (M-1) nm<D^>yM,7^^\i^^0.i.^ ^<d (m-d ®?s<7)7>'^a^ 
-:>€(D^mKxtni^. 2j^m(Dmm\fyhmn(D^i*^in-- (n-d tri: 

\fyv%m(o (MXN) if^/hB^, -r>^^ y— >^iijs^fi. ^^(^tfT-gg^m 
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y h(D^:^yj>.^n^nMm^i tfy h-ro->7 hf sci-c (M- 1) mm<D 

^^tJ^A^^iJSr^^L. ^(D (M-1) a^(D^V>5^A^^iJ;0^^ii^LfcMXN 

^ibi^. mi <onm^mus:j2,y^n^itm 3 1 *3 j: u«m 2 (Dwm^mmsi72^^n 
fc'^/ (MX N) h @ ^iS' y -:/^js^fi. ^m(Dnxm^m 

4ii±OJ:9(^. *BP^t-75^*-SaifS^g*3j:t;5iim;^&«. DMT (Discrete 
Multi Tone) ^^^:fy^-^0 F DM (Orthogonal Frequency Division Multipl 

ex) mmm:^^micx'o^ ^'^<ommm^^m^^ti7'—'$'mimicmLx\^^^o 
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m ^ $g @ 

TM =2-+lJ X FN (IKWrS^I^:) =2-+lJ (DA;^^^ 

BiIiem^^^V^T^$tt^c:#^co (M-1) \f^yh<D^l^'^J>.7hM^"n^^ 
\^\\f>y h-r^iyy h-t^:LtX\ (M-1) SmtOTV^i^m^JSr^fe^U ^ 

Huia (M-1) wm<r>^i^^J^^mh\^x. (m-D x (n-D (o^'^yy 
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^?>}-. FN m^-:i^mm ^2-+ij ^mtctx^ic^ n^^^-t^c: 
mrnrnwn (M-i) mm(D^>^j^^m^:i3if^-rxx<Drf(D^mi^. M:km 

TM =2"+lj X. FN (^$4: g^^c) =2»+lj ©A;(3/^ 

Huia^^^ffl V ^T^J^ $ tT.fc#^(^ (M- 1 ) If 5/ h (7) ^ >'iJ^A^^IJSrtT^'|£ 
{ci ify hro'>:7 h-rscit-e. (M- 1) $ 
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15 10. sGiB-^y tr:^:J^^-?^$^— >'^fig;^7"5'^tcfcoT«. 

Buiam^ (M-1) mm(D^y'^j^jhm:ii6\'r^-r^x(Dn(D9m\z.^ 
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